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THE PHYSICAL PROPERTIES O F  LIQUID AND SOLID 
ACETYLENE 
BY D. MCINTOSH 
Since the developrrient of a successful method of manu- 
facturing calciuni carbide in 1892, acetylene has been the 
subject of a great many investigations, most of which have 
dealt with the detonation of the gas under pressure, either 
alone or dissolved in liquids. But this interesting substance 
in its solid and liquid states has received little attention, and 
the physical constants obtained by observers such as Ansdell, 
Pictet, Cailletet and others, show so little uniformity that an 
examination of some of its more important properties which 
I have made, can hardly be valueless, particularly as liquid 
and solid acetylene have been prepared in large quantities 
and transported many miles for use as an illuminant. These 
measurements include : 
(a) the vapor pressure curve of solid and liquid; 
( b )  the heats of vaporization; 
( c )  the specific heat of the liquid; 
( d )  the densities and atomic volume; 
( e )  the critical constarts; 
all of which are described in the following pages. At the 
Same time some observations of solubilities and conductivities 
in liquid acetylene are given. 
Preparation 
The acetylene was prepared from calcium carbide by the 
action of water. Impurities were removed by washing with 
sodium hydrate and chromic acid, and drying was effected 
by concentrated sulphuric acid and phosphoric anhydride ; 
it was then solidified in the apparatus shown in Fig. I .  
This consisted of a silvered vacuum vessel A, containing 
carbonic acid and ether. The vessel was closed by a rubber 
stopper, through which passed the condensation tube, and a 
tube connected with an' exhaust pump. Moisture was 
1 With a good water-pump a temperature o f  -100~ can be obtained. 
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prevented from entering the condensation chamber by con- 
necting B with a tube kept underneath the surface of mercury. 
The acetylene was usually redistilled through B and con- 
deiised in i similar piece of apparatus, but this is of ques- 
tionable advantage, as the vapor pressure curve of the re- 
distilled substance was identical, within the limits of ex- 
perimental error, with that of acetylene prepared by one 
condensation. 
Y l e n e  
7 
Fig. I 
The Constant Temperature Bath and the Vapor 
Pressure Curve 
The vapor pressure of a body at low temperatures is 
often obtained by placing it in a tube surrounded by a liquid 
such as ether, cooled to a low tenipcrature, and then noting 
the pressures as the temperature rises. Such measurements 
are usually affected by an error, as the temperature of the 
substance whose pressure is to be determined lags behind the 
outside temperature; and the values found are lower than the 
correct ones. This is particularly true of acetylene. As a 
solid, it conducts heat but slowly; and as a liquid, it  easily 
superheats; so that one can keep liquid acetylene at -80° 
in an open vessel for some time, although its vapor pressure 
is much above an atmosphere. As it was necessary to main- 
308 D. McIntosh 
tain the substance a t  a constant temperature for some time 
the bath shown in Fig. z was used. 
This bath consisted of a Dewar tube closed b,y a rubber 
stopper perforated with several holes, through which passed 
the capillary tube of a coristant-volume hydrogen thermom- 
eter' and a tube for the acetylene attached to a mercury 
manometer and to a Toepler pump. One arm of the T tube 
is connected to a good exhaust pump, the other to a brass 
tap. A tube constricted at  the upper end went to the bottom 
V I + 
Fig. 2 
of the Dewar vessel, and through this bubbles of air con- 
.tinually passed, stirring the bath. When necessary, the tubes 
are protected by phosphorus pentoxide, and screw clamps 
are provided to regulate the exhaust. As the temperature 
falls the mercury rises in the thermometer until it touches 
the platinum point. Contact is thus mstde through a relay, 
which in its turn opens the brass stopcock by means of a 
magnet. When the mercury drops bclow the platinum point 
the valve closes and exhaustion begins again. This arrange- 
Travers, Senter and Jaquerod ; Phil. Trans. ( A )  zoo, 105, (1900). 
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ment kept the temperature constant to between 0.3' and 
0.4' as indicated by the hydrogen thermometer. The acetylene 
manometer never varied more than I ( i  mm. and this from the 
pressure curve represents only 0. I 5'. Temperatures higher 
than --78' were maintained by adding sniall quantities of 
cold ether to the bath. 
The pressure below one atmosphere was measured by 
a closed, mercury manometer; between one and two atmos- ' 
pheres by an open manometer; and €or higher pressures a 
spring manometer, such as is used for critical pressure deter- 
minations, was available. Above two atmospheres the num- 
bers can only be looked on as approximately correct. 
The results are given in Table I, ant1 the vapor pressure- 
temperature curves are shown in Fig. 3. 
Temperature 6 ~ m ~ ~ ~ ~ ~ ~ s ~  ! Temperature 
-95.3 
-92.5 
-89.5 
-86.9 
-86. I 
-84.3 
-83.3 
-82.1 
-81.2 
-78.4 
-77.6 
-75.3 
-74.0 
-72.2 
Pressure 
(atmospheres ) 
489 
592 
627 
726 
782 
863 
94 7 
1078 
I 138 
I294 
I377 
I493 
10.0 
- 
13.0 
'5.5 
- 
20.0 
2 0 . 5  
- 
24.6 
31.8 
36.5 - 
32.7 
36. I 
37.4 
40.8 
42.5 
46.\Z 
54.8 
61.6 
- 
- 
- 
- 
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Fig. 3 
In Table I1 the melting and subliming points of acetylene 
are given, the former from direct observation, the latter from 
also re- by others are the curve. The numbers observed 
corded. 
TABLE I1 
I 
I 
Villard‘ i 
- - _ _  
Willson ’ Laden- 
and /burgand 
Suckert2 1 KrEgelj 
- _ _ _  --I-- 
I 
1 -82.2 1 -82.4 
I 
M. P. -81.5 (895 mm.) 1-81 (950 mm.) - I -  
S. P. -83.6 (760 mm.) 1-85. 
Hunter4 
- 
-74 
Solid acetylene under atniospheric pressure evaporates 
It may be liquefied by its own pressure without melting‘. 
Comptes rendus, 120, 1262 (1895). 
Jour. Franklin Institute, 139, 327. 
Ber. chem. Ges., Berlin, 2, 1518 (1900). 
This Journal, IO, 330 (1906). 
For pressures at higher temperatures in addition to above see Caille- 
tet, Comptes rendus, 85, 85 (1877). Ansdell, Proc. Roy. SOC., 29, 209 (1879). 
Pictet, I,’ Acetylene qenevs,  66 ( 1896). 
“Carbon and arsenic are the only 
two elements that have meltingpoints above the boiling-points ; and among 
compounds,carbonic acid and fluoride of silicium are the only other bodies with 
similar properties.” Acetylene should be added to these. 
Lewis, Acetylene, p. 63. 
Crookes: Chem. News, 92, 148 (1905). 
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in a test-tuhe closed by the finger. On opening the tube the 
acetylene at once solidifies, and this can be repeated many 
times with a small quantity of the liquid. This pretty ex- 
periment was shown me by Mr. E. LeSueur, of Ottawa, who 
has prepared solid acetylene in large amounts and has made 
a very complete study of its explosive qualities at low teni- 
peratures, covering the work lately done by Caro.’ 
Heats of Vaporization 
Clausius has shown that the heat of vaporization can be 
calculated, by the equation 
= dP- __ W _ _  P dt - RT” 
where dP - -  is the change of vapor pressure with temperature, 
dt 
p the pressure, T the absolute temperature, R the gas con- 
stant and W the latent heat of evaporation of I gram-mole- 
cule of the substance. 
For liquid acetylene at 950 mm. 21.3  x IO” ergs 
For solid acetylene at 760 mm. 23.0 x IO”’ ergs. 
shown in Fig. 4. 
This value from the vapor pressure curve is: 
These heats were directly deterniincd in the apparatus 
Fig. 4 
Science Abstracts, gA, 523 (1906). 
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The acetylene was placed in a snisll vacuum tube, A, 
closed by a rubber stopper through which passed a delivery 
tube, and the leads from a small platinum spiral used as a 
heating coil. The calorimeter was surrounded by solid 
carbon dioxide. The energy supplied was measured by 
calibrated Weston instruments. The delivery tube could be 
dipped into mercury, B, and thus a pressure sufficient to 
liquefy the gas obtained. The rate of evaporation due to 
external heat was measured before and after each experiment, 
and the gas was’collected over water saturated with acetylene. 
The result for liquid, 21.4 and 20.6; mean 2 1 . 0  x ror0 
ergs agrees with the calculated number. 
The values for the heat of sublimation at atmospheric 
pressure were conflicting. With a small heating coil these 
\vue: 30.4, 31.0, 32.1, 31.7 X IO” ergs; and with a larger 
coil: 35.7, 35.6, 35.7, 35.8 X IO”. Neither set agreed 
even approximately with the calculated result, and this 
pointed to an error in the method. Apparently the heat 
from the coil was only partly used in vaporizing the solid. 
The heating spiral was then placed in a saturated solution of 
acetylene in toluene, and covered with the solid to the height 
of an inch. This reduced the, heat of sublimation to 20.4, 
21.8, 22.8, 2 1 . 1 ,  mean 21.5 X 10’’ ergs, a result agreeing 
much better with the theoretical. 
The Latent Heat of Fusion 
A measured amount of acetylene in a sniallDewar vessel, 
fitted with a delivery tube closed by a stop-cock, was kept 
at a temperature just above its freezing-point in the constant 
temperature bath previously described. U‘hen the stop- 
cock was opened part: of the liquid evaporated very quickly, 
leaving only solid in the, tube. From the heat of evaporation 
at that temperature, and the amount of liquid evaporated, 
the heat of fusion was calculated, a small correction being 
made for “natural” evaporation. The results for a gram- 
molecule were: 4.2, 3.4, 4.2, 3.4, 4.0; mean 3.8 X IO’O ergs, 
so that  we may write 
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C,H, - [C,H,] = 3.8J.l 
The Specific Heat of the Liquid 
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The calorimeter was a small vacuum tube containing 
a heating coil, and was closed by a rubher stopper through 
which passed a tube connected to a mercury manometer. A 
known volume of acetylene was placed in the calorimeter 
which was surrounded with solid carbon dioxide. The 
acetylene soon liquefied, and when at a steady temperature 
the pressure (and therefore, the temperature) was noted. 
From 50 to 100 volt-coulonibs were used in heating the liquid 
and in evaporating the small volume that passed into the 
manometer (which could be corrected for) and the niaximum 
pressure was recorded. Between -78.5 and -73 the values 
found per gram of acetylene were: 4.33, 4-40, 4.58, 4.38; 
tnean 4 . 4 1 ~  1 0 7  ergs. The specific heat is then a little 
higher than that of water. 
The Densities of the Solid and Liquid 
Acetylene was introduced into a tube consisting of a 
bulb and a graduated capillary tube, frozen in liquid air, 
exhausted and sealed. There was naturally no deposition 
of carbon such as Ansdell' experienced. The volume of 
liquid at a known temperature was noted, and a deep file 
mark was made on the tube, which was then brought to room 
temperature and weighed. The tube was cooled, broken, 
again weighed and calibrated, and from the data thus ob- 
tained the density was calculated. The change of volume 
with temperature was determined in a bulb with capillary 
shown in Fig. 5 -  kept at various teniperatures in the constant 
temperature bath. The volume at -78.4 was taken as the 
standard since the density a t  thjs temperature was determined 
directly. The densities above -60' C.can not be looked on 
as very accurate, sirwe a large correction for the volume of 
gas over the liquid must be applied. 
A correction for the expansion of the gas ought to be applied, but the 
The heat of fusion should approximate the differ- results are very uncertain. 
ence between the heats of evaporation of liquid hnd solid. 
loc. cit. 
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The direct determinations were : At --.78.401 0.6105 and 
0.6101; a t  --15O, 0.517; a t  14.7, 0.443; at 14.8, 0.440, The 
variation. of density with temperature between -80' and 
Fig. 5 
-60' is given by the equation, D, = o.613-(80 $. t )  0.00234. 
'rhe complete results are given jn Table 111. There T is the 
temperature on the centigrade scale, D the density actually 
found, and D, the value from the curve. 
T 
-80 
-79 
-77.5 
-75.7 
-7 5 .o 
-74.4 
-72.5 
-71.6 
-70.0 
-68.7 
-67.5 
-65.9 
-65 .o 
-64.8 
-62.5 
- 
0.611 
0.605 
0.601 
0.595 
0.593 
0.587 
0.584 
0.581 
0-577 
- 
- 
c 
- 
- 
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The density of the solid was approximated by freeLing 
the liquid acetylene in the bulb of the tube shown in Fig. 5.  
The stem was jacketed with ether kept at -78.4', so that the 
solid froze under considerable pressure. Its density a t  -8.5' 
wasfrom 1.1gto 1.21 times that of the liquid at-78.4', or 
about 0.73. 
The Constitution of Acetylene 
A t  atmospheric pressure, acetylene, were it a liquid, 
would have the density 0.618, and its molecular volume 
would be 42. I .  Taking Kopp's values for the atomic volumes 
of hydrogen and carbon as 5.5 and I I ,  we get 33 as the molec- 
ular volume of acetylene. Poor agreement between calculated 
and observed results for the unsaturated hydrocarbons was 
noticed long ago by Buff'; the saturated hydrocarbons2 give 
uniformly good agreement. 
Guldberg3 has pointed out that such want of agreement 
usually occurs in bodies, the ratios of whose boiling-points to 
critical temperatures vary widely from 0.667; and if the 
density of acetylene be chosen at the temperature that gives 
this ratio, the value of the molecular volume is 45.1-a result 
less satisfactory than before. 
Now, in the case of oxygen, we have two values for the 
atomic volume : 7.8 for the hydroxyl and 12.2 for the carbonyl 
oxygen. The question then arises: Can we have two forms of 
carboil with different atomic volumes? 
Nef4 has shown that various bodies such asC,I,,which might 
be looked upon as substitution products of H --C C - H, 
are really acetylidene compounds. Now acetylene may 
have the acetylidene structure, and if so the divalent carbon 
has an atomic volume between 20 and 23. 
' 
1 Ann. der Chem., Supplement 4, 129 (1865). 
Ostwald : Lehrbuch I.,  362, 376. 
Zeit. phys. Chem., 5, 374 (1890). 
Ann. der Chem., 270,267 (1892); 280, 291 (1893); 287, 265 (1895); 298, 
202 (1897); 309, I26 (1899). Jour. Am. Chem. Eoc., 26, 1549 (1904). Lawrie: 
Am. Chem. Jour., 36, 487 (1906). 
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But there is a body, carbonic oxide, in which the carbon 
is undoubtedly divalent. Its density1 at its boiling-point, 
81.9 (abs.), is 0.797 and its molecular volume is, therefore, 
35.1. The oxygen is carbonyl oxygen with an atomic volume 
of 12.2; or, taking the value from liquid' oxygen, 13.1. De- 
ducting these values from the molecular volume of carbonic 
oxide we get 23 and 2 2  for the atomic volume of divalent 
carbon, numbers in good agreement with those obtained from 
acetylene. From the physical properties then we can write 
the acetylidene formula, H,C : C  for acetylene. The addition 
compounds, to be spoken of later, are easier to understand if a 
carbon atom is looked on as divalent. 
The Critical Constants 
The critical temperature was measured in the ordinary 
way, the tube containing the liquid being immersed in a well 
stirred water-bath. The meniscus flattened and disappeared 
or reappeared between 36.4' and 36.5'. The thermometer 
used was conipared with a standard, and also calibrated by 
means of hydrated sodium sulphate, whose melting-point , 
32.38, is conveniently near the critical temperature of acetylene. 
Ansdel12 gives 37.05~. 
The opalescence in the neighborhood of the critical 
temperature, studied lately by Travers and U ~ h e r , ~  was always 
noticed but only with falling temperature. This appeared 
about 0. I O  below the critical temperature, remained during 
a change of temperature of 0.3O, and then disappeared. 
The critical pressure was found by means of a calibrated4 
manometer, using Altschul's method' to  he 61.6 atmospheres. 
Ansdell's value is 68 atmospheres. 
The determination of the density at the critical tem- 
perature called for patience and the method can hardly he 
recommended. A stout tube was two-thirds filled with acetylene, 
I Baly and Donnaii : Trans. Chem. SOC., London, 82,  907 (1902). 
loc. cit. 
Proc. Roy. SOC., 78, 247 (1906). 
Zeit. phys. Chein., 11, 577 (1893). 
4 The tiianometer was calibrated only to 40  atmospheres. 
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sealed and the volume at the critical teniperature noted. 
The lower part of the tube was then cooled in liquid air, 
and the volume was decreased by drawing off the upper 
end with a small blowpipe flame. The volunie at the 
critical teniperature was again found. After a nuniber of 
trials several tubes were obtained which were almost exactly 
filled with acetylene at its critical temperature. The mean 
of these critical densities is 0.314, and the critical volume is 
88 cc. From these values a and b in the Van derWaals' 
equation are 0.0880 and 0.00230, respectively. 
Acetylene forms molecular combinations with ether, 
alcohol, acetone and perhaps with the halogen hydrides at 
low temperatures. These bodies crystallize and have sharp 
melting-points. They are probably analogous to the com- 
pound C,H,,GH,O described by Villard. The great solulility 
of acetylene in organic liquids and the power to  form coni- 
pounds are doubtless cognate phenomena. 
Liquid acetylene has, as would be expected, an exceedingly 
high electrical resistance; and this resistance is not markedly 
lessened b y  the addition of alcohol, ether, halogen acids, etc., etc. ; 
it is, therefore, a non-conducting and non-ionizing solvent, 
The measurements given in this paper are summarized 
in Table IV. 
TABLE I V  
-~ 
~ ~~~ ~ - -  
M .  P. (895 miu.) -8 I .5 s. P. -83.6 
Heat of vaporizatiou (liquid) 2 I-3/ 
(solid) 1 23.OJ 
Density (liquid -80') ~ 0.613 
" I '  L ,  
' I  " fusion I *7J (?I 
Specific heat 4 .4 j  
Molecular volume 43.1 
' '  (solid) 0 .72  
Atomic volume of divalent carbon 1 20-23 
' pressure ~ 61.6 
" volume 83 cc. 
a 0.0880 
b 0.00230 
Critical temperature 1 36.5' 
Ann. Chim. Phys., ( 7 )  11, 280 (1897) .  
LWcGill Unzversity, Montreal, 
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